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P.D.BOX 027 - 88200 - JOINVILLE - SC - BR~ZIL 
~BSTRACT 
The paper is divided into three parts. The first presents a basic criterion far determining the most feasible substitute refrigerants fer [F[ 12 in small refrigerating hermetic compressors. The method includes ~ simple analysis of some physical and thermodynamical properties of each refrigerant, within the ranges of evaporating and condensing temperatures where small refrigerating systems work. Parameters such as vapor pressure, compression ratio, final isentropic compression temperature, volumic refrigeran< effect, and others permit a good relative comparison among the refrigerants. 
The second part describes Embrace procedure for development of hermetic compressors adjusted to new refrigerants. Project optimization, compatibility material analysis, performance and reliability product tests, and production means are considered. A time frame is established for the procedure, from the preliminary refrigerant analysis through the production start-up. 
In the last part, the strategy regarding the phase in of new environmental friendly refrigerants versus the phase out of CFC compounds is discussed. Focus is given to the differences among developed countries and developing countries, where Brazil is useo as an example. 
PRELIMINARY ~N~LYSIS OF THE REFRIGERANTS 
Tne following analysis must be seen only as a first step in tne search for, ana determination of, a new refrigerant to substitute CFC 12 in domestic refrigeration. This procedur~ is aimed at thermooynamic analysis from ·the point of view of the compressor. New concepts are not introduced, trying only to bring together and review some of the parameters presented in refrigeration books tnat have significant influence on the performance of refrigerating hermetic compressors. The proposed analysis is qualitative ano it only indicates favourable and unfavourable aspects aoout the application of new refrigerants as substitutes for CFC 12. However, it permits some savings in time and expense .by avoiding deep investigation, expensive experiments and computer simulations of refrigerants that can be rapidly eliminated in this preliminary phase. 
Obviously, the refrigerants with high potential to substitute [FC 12 require extended investigations, and they certainly wculc not be excluded in this superficial analysis. However, for these refrigerants some performance tendencies are already clearly shown,· 
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>implifying the following stages of ana,ysis. 
It is important that the parameters not be considered at only 
one specific running condition, but over all the operating rang
e of 
the system~, since compressor performance is nignly affected by 
the 
evaporating conDition. Therefore, the following ~arameters 
are 
pLotted as a function of the evaporating range (-35 to 15°Cl, for a 
constant conden,ing condition. The analysis may be enricned also
 by 
varying the condensing condition, although this is not within 
the 
scope of this work. -
For example, the following comments referring to the comparison
 
of HCFC 22, HFC 134a and HFC 152a refrigerants with CFC 12 can 
be 
made. 
Figures 1 and 2 present a COP comparison among the different 
refrigerants under two distinct evaporating conditions. The f
irst 
one, considers the refrigerant effect without superheating, w
hile 
tne second one demonstrates this effRct with superheating at 3
2"(. 
In both cases, the initial compression vapor temperature is 3
2"C. 
The relative position of the rafrigerants are distin~t on 
both 
graphs at low evaporating temperatures. In the first graph, 
for 
example, HFC 152a is sLightly aDOVQ all the others whiLe i~ the 
second graph (with superheating) HCFC 22 is slightly below all the 
others. Based on these facts, we may say that the COP paramete
r is 
not sufficient for the qualification of a refrigerant, even 
i~ ·a 
preliminary analysis. Hermetic compressors are ~haracterizeo by
 the 
high interaction of many simultaneous phenomena. Suction 
gas 
superheating for instance, alters significantly the 
final 
performance of the compressor in su~h a way that small difference
s 
like the ones presented in the COP may be easily misunderstood. 
It 
is necessary to search for other parameters for analysis. 
~ooking at the vapor pressure curve (figure 3), some 
differences may already be seen. HCFC 22 has a vapor curve a
bove 
CFC 12, ~hile HFC 134a has a curve very close to CFC 12. HFC 
152a 
has a curve constantly lower than CFC 12. From tnis figure we 
may 
prematurely conclude that HFC 134a is the most approp
riate 
substitute for CFC 12. 
however, based on the vapor pressure curve we may obtain a more 
detailed analysis using two other parameters of comparison: 
tne 
difference of compressor pressure between suction and discharge 
and 
the compr~ssion ratio. 
The first parameter is represented in figure 4. The pressure 
differen~e between the condensing and the evaporating temperat
ures 
has an imp•ct on the bearing design and Leakages in the compres
sor. 
Higher pressure difference requires strengthened gaskets, valves
 and 
other mechanical components, as well as bigger bearings. 
ThicKer valves as well as bigger bearings reduces compressor 
efficiency. The starting ability of the compressor duri~g cyclin
g is 
also affected by higher pressure differences, requiring hi
gher 
starting torque motors which mean Less efficient motors. 
In figure 4 we may observe· that HCFC 22 is far above the 
others, including CFC 12. HFC 134a, although closer to CFC 12
, is 
also above, which is not favourable. 
Figure S presents the s~cond parameter related to the vapor 
pressure curve. This is an extremely important parameter for
 the 
performance of the compressor. It directly affects the volum
etric 
efficiency as well as the compression work. The lower
 the 




~t higner evaporating temperatures, all refrigerants tend to a common value. For lower evaporating temperatures, the refrigerants present significant differences in compression ratios. 
If we plot the compression ratio data from figure ::i relat_ive to CFC 12, which is done in. fig1.1re 6, it is easy to notice that MF[ 1S2a and especially HFC l34a have increasing values in relation to CFC 12, as evaporating temperature decreases. HFC 134a for example, has a compression ratio 30~ higher than CFC 12 at an evaporating temperature of -35° C. This indicates that the performance of HFC 134a gets sensibly ~orse in systems that operate-with low evaporating temperatures. 
From figure 6 we may also notice that HCFC 22 has a compression ratio very close to CFC 12 over the whole range. 
~nether characteristic which may be considered is the refriyerant temperature at the end of compression. For small hermetic compressors we may assume an isentropic compression. Figure 7 indicates the final isentropic temperatures for the refrigerants in question. 
The increase of the vapor temperature during compression is a fact with a considerable impact on compressor performance and reliability. High compression temp~ratures cause oil degradation, valve c:ooking and carbonilation. Besides that, it increases the heat transference potential in the compressor, tending to increase the temperatures of th~ suction vapor and the electric motor. 





shows that for high evaporating temperatures, the the final compression temoerature is small. By evaporating temperature, the difference between the well characterized. 
HFC 134a has the best performance, just below CFC 12. On other hand, HCFC 22 and HFC 152a refrigerants have very temperatures at the end of compression. 
the 
high 
The next parameter to be considered is the specific: refrigerating effec:t, understood as the specific enthalpy difference in the evaporator. It determines the mass flow to produce a desired refrigeration capacity. The higher the specific refrigerating effect, the lower the mass flow must be. 
The specific: refrigerating effect varies drastically with the Liquid subc:ooling and vapor superheating temperatures and not that much with the evaporating temperature. Qs may be seen in figure 8, this parameter also varies significantly from one refrigerant to another. 
~ll the refrigerants here analyzed, have specific refrigerating effects larger than CFC 12. This c:an be interpreted as meaning that to obtain the same refrigerating capacity, the refrigerating systems will operate with Lower mass flow. In the extreme case, for HFC 152a, the mass flow wicl be approximately half of that of CFC 12. 
Such significant variations imply major redesign of the system as well as the compressor mufflers to adapt them to the low mass flows. 
valve 
very 
Finally, the last characteristic to be considered is the 
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volumic refrigerat1ng effect as cited in reference Cll. 
The volumic refrigerating effect is the specific refrigerating
 
effect divided by tne specific vapor volume under suc
tion 
condition. It determines the compressor displacement necessary
 to 
produce a certain refrigerating capacity. The higner the volu
mic 
refrigerating effect, the Lower the compressor displacement must 
be. 
r1gure 9 shows that the curve for HCFC 22 is higher than the 
group of other refrigerant curves, including CFC 12. When 
the 
volumic refrigerating effect is plotted in relation to CFC 12, a
s in 
figure 10, we observe that to ~eep the same refrigerating capac
ity, 
compressor which operates with HCFC 22 must nave a displacemen
t 
close to half of that of a compressor operating with CFC 12. Thi
s is 
an enormous carrier to use of HCFC 22, since domestic refrigera
ting 
compressors aLready have a small displacement and it would
 be 
practically impossible to reduce them to that level. 
On the other hand, HFC 152a would require a displacement 
approximately 10\ Larger than CFC 12 which is easier to obtain.
 It 
is interesting to notice that the behaviour of HFC 134a crosses 
the 
CFC 12 curve. Again, this indicates the inferior performanc
e of 
HFC 134a for low evaporating temperatures. For example, rou
ghly 
saying, if the displacement of the compressor is calculated for 
the 
same capacity as CFC 12 at an evaporating temperature of -10"C, 
the 
compressor will have approxim~tely 10\ less capacity with HFC 
134a 
when operating at -35°C. 
From what has been presented above, we may affirm that HCFC 22 
has no chance to replace CFC 12 for domestic refrigera
ting 
applications with low evaporating temperatures. The vo
lumic 
refrigerating effect curve demonstrates that it is practic
ally 
impossible to adapt small compressors ~o the use of HCFC 22. ~t 
the 
same time, the curves of pressure difference between suction 
and 
discharge, as well as the final compression temperature, also pl
ay a 
very unfavourable role. 
Concerning the other refrigerants, HFC 134a and HFC 152a, it 
was not possible to obtain expressive arguments which could lea
d to 
the elimination of any of these candidates. ~lthough some furthe
r 
comments can be made. 
HFC 134a snowed deficiencies at low evaporating temperatures. 
The high compression ~atio is the main negative factor. Higher 
pressure difference between suction and discharge and the tend
ency 
of the volumic refrigerating effect curve, may also contr
ibute 
negatively. As a positive aspect, the low temperature at the e
nd of 
compression may be mentioned. 
HFC 152a does not have such apparent disadvantages as HFC 134a 
for low evaporating temperatures. On the other hand, the red
uced 
mass flow certainly will demand changes in the compressor, as 
well 
as the high discharge temperature, which acts negatively for 
this 
refrigerant. 
DEVELOPMENT OF COMPRESSORS ~PPL!C~BLE TO NEW REFRIGERANTS 
For many decades domestic refrigeration has been worKing 
CFC 12 as a refrigerating fluid. There were no doubts about 





In this case, substitution can not be seen as a simple change 
from CFC 12 to another refrigerant, keeping the same design 
and 
immediately obtaining favourable results. 
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The imo~ct of thi' ch~nge is enormous. Several features must be consioereo 'o~etner: energy consum~tion, comfort CnoiseJ, safety Ctoxicity/flammacility), availacility, adjustment to ex1st1ng proaucts, and, ooviously, environmental aggressiveness Level COOP, GWPJ. Besioes these, the cost parameter can not be neglected, specially in developing countries. 
Up to the moment, there is no final decision on the CFC 12 substitute for domestic and small comercial refrigeration. On the other hand, the CFC 12 phase out pressures have increased considerably. 
Based on the above, Embrace was compelled to establish a very flexible compressor development program a~~Licable to new refrigerants. 
Each refriyerant that ap~ears as a ~robable CFC 12 substitute iniciates a route, su~h as the one indicated in figure 11. The program has some decision steps where the results of each concluded stage ~re analy~ed and the decision on the continuity or not of the refrigerant in the development program is taken. 
Tne first st~p. "Refrigerant Preliminary ~nalysis', is nothing more than what was ~r~sented in the first part of this paper. It is a quick task, where only some knowledge of the physical and thermodynamical ~roperties of the refrigerant are reQuired. Once the refrigerant is approved, it proceeds to the third step. 
Step 3, 'Initial ExperimentaL ~nalysis', begins with the availability of refrigerant and oil samples. ~nalysis of solwbility and miscibility of the refrigerant/oil mixture is made. Compatibility tests of materials with the new refrigerant and oil, are started, also, First, Life and wear tests are also ~arriec out. Compressor performance in calorimeter and noise tests, starting ability and stalling is ev~luated. Experiments such as the aqwisition of the PxV diagram, valve motions and the compressor thermal profile are important data to be analysed. When this step is concluded, it is possible to have a very precise idea of the impact caused by the new refrigerant in the actual compressors designed for CFC 12. 
It is time now to proceed to the second and im~ortant decision. Does the refrigerant being analysed really have possibilities to replace CFC 12 with some advantages? Only the refrigerants with hign potential should proceed from tnis point. 
When the refrigerant is approved in decision step 4, it is time to begin the 'Prototype Definition'. Product requirements are established. The ·compressor must be redesigned according to simulation programs and experiments.Tests are made with different ~rototype configurations. Manufacturing feasibility an~lysis and prototype compressor components design are done. 
In sequence, ste~ 6- 'Prototype tests', compressor ~rototype lots are manufactured to check the reliability, performance and ap~lication of the product. The time estimated for steps 5 and 6 is 12 months, approximately. 




is time to decide on the manufacturing of to the new refrigerant. Having reacheo a the "Product Development' - step 8 - is 
The 
supplier 
product development step consists in final product design, development and production facilities adjustm~nts. 
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Concluding, produ~t approval te<t< are done-
Finally, <tep 9 covers the <tarting of pilot production up to 
normal production. Steps 8 and 9 should last at least 12 months. 
The overall 
program i< from 24 
time estimated 
to 38 months. 
for the complete development 
Nevertheless, it cannot be forgotten that the choice of a new 
refrigerant is not an individual d~cision. Compressor manufacturers, 
refrigeration appliance producers, refrigerant manufacturers and 
governments play a very important role in this scenario. The overall 
time expectancy depends on how quickly and how precisely the 
decisions are made. 
CFC REPLQCEMENT IN DEVELOPING COUNTRIES 
In developed countries the consumption of CFC's is distributed 
over many different applications. These applications were developed 
for different reasons, normally linked to comfort parameters (liKe 
Car Q.C., aerosols, home insulation, etc.), or to processing 
technologies (food processing, cleaning processes, tobacco puffing, 
etc.). Because of the cost associated with such applications, or due 
to the lack of available technology, many of these applications are 
used on a very small scale or not at all in developing countries. In 
fact, the use of CFC's in developing countries is normally directed 
to basic applications, such as the refrigeration industry. We may 
mention some examples, using Brazil as a reference for a developing 
country. 
- The total CFC consumption in Brazil is around 10,000 ton/year, 
which represents Less than 1~ of the world consumption. Qssuming a 
population of 1SO million inhabitants, Brazilian consumption 
reaches 0.07kg CFC/inhabitants year. 
In comparison, the U.S.~., where CFC consumption is approximately 
300,000 ton/year - roughly 1/4 of the world total consumption, per 
capita consumption is 18 times the Brazilian one, reaching 1.25kg 
CFC/inhabitant yQar assuming the U.S. population as 240 millions. 
- In the U.S.Q., approximately 20~ of CFC consumption is used in 
automobile air conditioners. In Brazil, despite its tropical 
climate, this application represents Less than 5~ of Brazilian CFC 
consumption. 
- ln Western Europe, 40~ of CFC consumption is used for aerosols. 
This application was never representative in Brazil and the use is 
restricteo to essential medicinal application since 1988. 
- In Brazil, CFC consumption for domestic refrigeration and small 
commercial units, which use CFC 12 in the system and CFC 11 for 
foaming, is approximately 25~ of total annual CFC consumption. 
Coniidering the developed countries, this figure is not higher 
than 5~. 
70~ of the Brazilian home refrigeration market is concentrated in 
one-door refrigerators with an internal volume up to 290 liters. 
Small and simple refrigerators have the advantage of using smaller 
quantities of CFC's and lower power consumption. Many of the one-
door refrigerators produced in Brazil are able to meet the 1990 
U.S. DOE standards. 
Finally, the increase in the product costs which 
through the use of alternative refrigerants may 
people's ability to buy their first refrigerator, 




The Montreal Protocol recognized this situation by allowing the 
countries with a consumption of less than 0.3kg per capita to 
enforce the established restrictions within 10 years or upon 
reaching the Limit of 0.3kg per capita, ~hichever occurs first.· Such 
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prot~ction snould oe kept in the revision of the Protocol to allow for the time nece•sary to absorb tne new technologies involved witn CFC replacement, particularLy in view of the small contribution to 
ozone aepletion caused oy developing countries. 
Up to now there is no clear definition of which refrigerants 
will replace the ones now being used for domestic refrigeration. It 
may tH! that in Europe, far instance, HFC 134a will replace CFC 12 
while 1n the U.S.~., due to the energy consumption penalty being 
reported, probably another refrigerant will be adopted. 
Developing cautries, with Law financial and technical 
resources, and a small countributian to the ozone depletion problem, 
should be allowed the chance and time to adapt their internal market to the best alternative, already proven in developed countries. The developed countries should support the developing countries in 
applying the required technology. This is also being considered in the Montreal Protocol and will certainly help to phase out CFC usage 
worldwide. This support should nat be restricted to just financing industrial projects, which may be successful or not, but to promoting the effective transfer of know•why. 
Brazilian production of hermetic compressors for r~frig~rators 
and freezers in 1989 was over 11 million units. ~ppro~imately 60\ of this volume was directed to th~ e~ternal market. e~parts of 
refrigerators and freezers are also increasing year by year. Mast of these e~ports are to devela~ed countries, which ha~e very strong programs for replacement of CFC"s in the 1993-1998 time frame. In 
•ome cases, mainly in the U.S.~., besides the restriction on using CFC's, stricter energy standards are already defined. For Brazil, this situation can be considered as a driving farce to develop the t~cnnology for using new refrigerants in the same time frame as the developed countries. 
The compressor and refrigeration industries have lang 
recognized the necessity of following international targets. Embraco has nearly 8\ of the world market in hermetic: compressors for 
refrigeration, with e~ports concentrated in large volumes to the U.S.~. and Europe. We certainly have to follow international trends 
and we are sure that we can be successful. 
REFERENCE 
1. Gosney, W.B.- Princi~Les of Refrigeration, 





- COP of the 
refrigerating cycle under 
different evaporating 
temperatures, considering ss•c 
of condensing temperature, 
isentropic: compression, and 
32° [ of initial compression 
vapor temperature. Evaporating 
with 32° C subcooling and 
without superheating. 
FIGURE 2 - COP of the 
refrigerating cycle under 
different evaporating 
<emperatures, considering ss•c 
of conden•ing temperature, 
isentrop1c compression, and 32 
•c of initial compression vapor 
temperature. Evaporating with 
32• C subcooling, and 32" C 
superheating. 
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FIGURE 4 - Pressure difference 
between compressor suction and 
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FIGURE 3 - Vapor pressure 
curve of the rQfrigerants as ~ 
function of the temperature. 
The pressures are represented 
on a logarithmic scale. 
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FIGURE 5 - Compression ratio -
condensing pressure divided by 
evaporating pressure 
considering 55°( of condensing 
temperature. 
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FIGURE 6 - Compression ratio 
to different refri~erants 
relative to the CFC 12 CCFC 12 









··~h,...----:n.--,._~c,. r---'it-..----rr.-----.... ---... 
8Nr:lif1TltG iflllfJifl/lli! r·cJ 
... 
FIGURE 7 - Final isentropic 
compression temperature 
considering 55° c condensing 
temperature, and 32"C initial 
compression vapor temperature. 
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FIGURE 8 - Specific 
refrigerating effect 
considering 32°[ of subcooling 




FIGURE 9 - Volumic 
refrigerating effect to 32" [ 
of subcooling and superneating 
temperatures. 
FIGURE 10 - Volumi~ 
refrigerating effe~t to 
aifferent refrigerants 
relative to the CFC 12 CCFC 12 
is used as referen~e over the 
evaporating temperature rangel. 
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FIGURE 11 - Blo~k diagram to 
the compressor development 
program appli~able to new 
refrigerants. 
